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[57] ABSTRACT

In a time division multiplexing system for multiplexing
a plurality of channels having mutually-independent bit
rates, the improvemerit wherein the pulse signals of
each channel are converted into codes so that the infor-
mation “1” is represented by a pulse having a width of
two consecutive transmission clock periods (“0,0” or
“1,17) the information “0” is represented by a pluse
having a width of a single transmission clock period
(“0” or “1”), and polarities of adjacent pulses are always
different from each other; the pulse signals are com-
pressed time-wise in a frame unit; and a frame synchro-
nizing signal and a channel synchronizing signal, each
consisting of marks or spaces having a duration of at
least three consecutive transmission clock periods, are
added to the intervals between the time-compressed
frames to thereby perform time division multiplexing.

- 10 Claims, 10 Drawing Figures
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1
TIME DIVISION MULTIPLEXING SYSTEM

FIELD OF THE INVENTION

This invention relates to a multiplex transmission
system and, more specifically, to a system which time-
division multiplexes and transmits digital signals from a
plurality of asynchronous channels.

BACKGROUND OF THE INVENTION

- The transmission of digital signals derived from a
plurality of signal sources by multiplexing them in the
time division arrangement is well known. In the well-
known time division multiplexing systems, however,
the digital signals of a plurality of channels to be sub-
jected to the time division multiplexing generally must
have either the same bit rate or bit rates which are an
‘integral multiple of one another. Otherwise, reSpective
channel signals have to be synchronized by using a
technique such ‘as a start-stop system. Accordingly, in
the transmission system that employ heretofore-known
time division multiplexing techniques, the kinds of sig-
nals to be multiplexed are limited, and circuits and appa-
ratus to be incorporated in a particular system must be
designed exclusively for use .in the system and thus
cannot be applied to other systems having different
clock rates.
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On the other hand, recent developments in fiber opti-

cal transmission has made it possible to implement inex-
pensive transmission lines incorporating extremely-high
bit rates, and the demands for transmitting various sig-
nals from many different kinds of signal sources, as well
as signal processors, such as electronic computers, have
become strong. In such a case, the use of time division
multiplexing techniques to effectively combine a plural-
ity of these signal channels will be required to realize a
flexible and economical communications network.
However, conventional time division multiplexing tech-
niques make it necessary to convert the respective sig-
nals from the plurality of asynchronous channels into
synchronous digital signals and also require use of trans-
mission lines which are especially designed to provide
clock rates for such particular application, which seems
to entail many practical problems.

‘To eliminate the above-mentioned problem there has
been previously proposed a transmission system capable
of direct time division multiplex transmission of asyn-
chronous digital signals from a plurahty of channels
having arbitrary clock rates, as disclosed in U.S. appli-
cation Ser. No. 118,919, filed Feb. 6, 1980, entitled
“Digital Signal Communication System”, now U.S. Pat.
No. 4,330,856, issued May 18, 1982. In this system, the
digital signals to be transmitted are converted into a
composite pulse stream hawng a faster transmission
clock rate than that of respective original signals to
sequentially multlplex the original dlgltal signals’ froma
plurality of asynchronous channels 1 m the time division
arrangement, |

Though this prlor communleatlon teohnology 1s effi-
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_elent in time division ‘multiplexing dlgltal signals froma

plurahty of asynchronous channels havmg different bit
rates, it is necessary to process and arrange the respec-
tive channel signals in'the order of the clock rates of the

63

‘original digital signals to be mu]tlplexed The communi-

cation technology on which this prior system is based
'a]so suffers from. another practloal problem that 1s

2

burst signals, such as alarm signals, that appear sporadi-
cally cannot be multiplexed.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a communication system which is capable of
multiplexing and transmitting a plurality of digital sig-
nals having arbitrary clock rates in a time division ar-
rangement irrespective of their clock rate.

It is another object of the present invéntion to pro-
vide a time division multiplex communication system
which is capable of transmitting multiplexed 51gnals
using existing regenerative repeaters and which also is’
capable of demultiplexing the received signal with ease.

It 1s still another object of the present invention to
provide a communication system which is capable of
time division multiplexing burst signals.

To accomplish the above-mentioned objects, the
present invention provides a time division multiplexing
system which sequentially converts each digital signal
in a predetermined period (hereinafter referred to as a
“frame”), into a time-compressed digital signal, adds a
frame synchronizing signal or a channel synchronizing
signal to the time-compressed digital signal for identifi-
cation, and carries out time division multiplexing of the
time-compressed digital signals within the above-men-
tioned frame period.

- In order to significantly simplify the demultiplexing
operation, the frame synchronizing signals and the
channel synchronizing signals, as well as the original
information signals (“0” or “1), are coded into differ-
ent digital run lengths of mark or space portions, before
being time compressed and multiplexed. Digital run
lengths are defined by intervals between two adjacent
transients (from mark to space or space to mark) that

~ have time durations which are mtegral multiples of the

transmission clock perlods

As described above, in the time division multiplexing
system in accordance with the present invention, the
code conversion applied to information signals, as well
as the frame and channel synchronizing signals, makes it
possible to easily multiplex and transmit signals from a
plurality of continuous signals havmg arbitrary clock
rates, as well as burst signals.

Furthermore, because the synchromzlng signals and
the information signals (conversion code) can be differ-
entiated in terms of the differences in the numbers of
consecutive spaces or marks, it is not necessary to use
multi-level pulses. Accordingly, existing repeaters de-
signed for regeneration of two-level pulses can be used
as such with the present invention.

These and other objects and features of the present
invention will become more apparent from the follow-
ing detailed description of embodiments thereof to be
read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the overall con-
struction of an embodiment of the time division multi-
plexing system in accordance with the present inven-
tion; |

FIG. 2 1s a signal waveform diagram useful for ex-
plaining the operation of time division multiplexing in
the above-mentioned embodiment;

FIG. 3 is a block diagram of an embodiment of an

encoder-multiplexing circuit to be used for the time
division multlplexlng system In accordance with the

present invention;
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FIGS. 4 and 5 are time charts, useful for explaining
the operation of the above-mentioned embodiment;
FIG. 6 is a circuit diagram of a stuff pulse generation

circuit to be employed for the embodiment shown in

FIG. 1;
FIG. 7 is a time chart useful for explaining the opera-

tion of the above-mentioned stuff pulse generation cir-
cuit;

FIG. 8 is a diagram useful for explaining the process-
ing procedure for burst signals;

FIG. 9 is a block diagram showing the construction
of a demultiplexing circuit to be used for the time divi-
sion multiplexing system in accordance with the present
invention; and

FIG. 10 is a time chart useful for explaining the oper-
ation of a synchronizing separation circuit in the above-
mentioned demultiplexing circuit.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

FIG. 1 is a block diagram showing the overall con-
struction of an embodiment of the time division multi-
plexing system in accordance with the present inven-

tion. In order to simp]ify the explanation, the diagram

shows an example in which only three channels are to
be multiplexed.

Digital signals aj, a2 and a3 of three channels havmg
different clock rates (f1, f, f3) are applied to local code
converters 3-1, 3-2 and 3-3 via input terminals 1-1, 1-2
and 1-3, respectively. Though these digital signals may
be either NRZ two-level signals or RZ two-level sig-
nals, the following explanation of the embodiments will
be made by reference to NRZ two-level digital signals.
Here, the expression “different clock rates” does not
mean that each clock rate varies, but means that the

clock rates of the respective original signals are asyn-'

chronous. with respect to each other.

The code converters 3-1, 3-2 and 3-3 are connected to
receive clock signals b-1, b-2 and b-3 of each channel
from clock signal detectors 2-1, 2-2, 2-3, a transmission
clock signal C from a transmission clock signal source 4,
channel control signals ej, €2 and e3 to be described
elsewhere, and a frame control signal d, also derived
from generator 4. Each code converter converts the
code of the signal from each channel for each frame and
generates time-compressed output signals g1, g2 and g3.
These output signals are converted into a time division
multiplexed transmission signal h by means of a mnltl-
plexer 3. |

The transmission signal i1s applied to a decoder or
demultiplexer 8 of a receiving portion via a line 6 and,
if necessary, via an intermediate repeater 7. In the re-
verse manner to the operation of the transmitting por-
tion, the demultiplexer separates the time division multi-
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space or a space to a mark. Since the transmission clock
rate is set at a level that is by far higher than the clock
rate of each original channel, signals after conversion
result in time compressed pulse streams, as illustrated in

g12 in the drawing. To identify respective frames, a
frame synchronizing signal gl1 is added to this signal,

thereby producing an output signal g;. The same proce-
dures are effected for the channel signals a-2 and a-3 so,
as to obtain output signals g and g3 by means of the
local code converters 3-2 and 3-3, respectively. Since
g111s added for frame identification in the output signal
g1, channel synchronizing signals gz; and g3; are also
added for channel identification, respectively, in the
output signals g> and gi. The duration (the number of
the consecutive marks or spaces) of these frame syn-

~ chronizing signals and channel synchronizing signals
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plexed signals and outputs the demultiplexed signals of 55

the respective channels from its ontpnt terminals 9-1,
9-2 and 9-3.

FIG. 2 shows the state of the signals in one frame
period in the above-described embodiment. The origi-
nal NRZ digital channel signals aj, a; and a3 are code-
converted in accordance with the following rules.
Namely, an input information signal “1” 1s converted
into two consecutive marks or spaces (*0,0” or “1,1%)
and an information signal “0” is converted into a single
mark or space (“0” or “1”). Selection of whether to

incorporate a mark or space in the output of the con-

verter is made in such a way as to locate each converted
signal between adjacent transitions from a mark to a

60

65

are set to 7 and 5 time slots, respectively, in order to
distinguish them from the aforementioned digital signals
for data transmission. The characterizing feature of
these synchronizing signals resides in that the number of
the consecutive marks or spaces is employed for identi-
fication without using special pulses having different
amplitudes. |

In order for the above-mentioned Operatlon to be
carried out, the following relation must be satisfied:

+ fn N

fl +f2-l-
-fn

- NrZa Nrp + (n — DNcp
where |
n: number of plnral channels to be multlplexed
fo: transmission clock rate, T
iy, fa, . . . £y signals clock rate of each onglnal chan-
nel, | |
N g number of transmission clock pulses in a frame,
N rp: number of pulses of frame synchronizing 51gna1
Ncp: number of pulses of channel synchronlzmg sig-
nal, - |
a: clock rate increment ratio due to code conversion.

Hence,
-
oz a 1 — nrp— (n — Dncp fi+/2+... 'ljfn),Wthc
NFEp Ncp

nFP = N , NCP = o

If a=1.5, Nrp=512, Ngp=7, Ncp—-—-S and n=10,
fo=1.67(f1+H2+ ... +1f,)

Referring again to FIG. 1 the block indicated by
reference numeral 10’ is a channel stuff pulse adder.
This is a circuit that generates a channel stuff pulse for
time adjustment when one frame time of each channel is
longer than the sum of the above-mentioned converted
signals g1, g2 and g3, and adds marks and/or spaces
having the same consecutive number as that of the
channel synchronizing signal g21 Or g3y, for example.

FIG. 3 is a block diagram showing the construction
of an embodiment of the code converter (called herein

a “local code converter”) 3-1 for the first channel i in the
above-mentioned system of FIG. 1, and FIG. 4is a time
chart for explaining the operation of the converter. The

_local code converter 3-1 consists of two code convert-

ers 3-1-1 and 3-1-2 (the detailed construction of 3-1-2 is
not spe01ﬁcally illustrated) each havmg substantlally the
same construction.. Each code converter 3-1- 1, 3-1-2
includes a memory 10, which may be pmwded in the



4,410,980

S

form of a shift register, and alternately effects writing

and coding of signals having one frame duration. That is
to say, when the code converter 3-1-1 is effecting writ-
ing of one frame of data, the code converter 3-1-2 ef-
fects coding of the previously-stored frame. More spe-
cifically, when a frame control signal d and a channel
control signal e are applied to the input terminal 11, the
switching circuit 14 changes the flow of the signal a-1
and its clock signal b-1 from one code converter over to
the other code converter, and the flip-flop 15 also
changes the operation of the one code converter to a
coding and read-out operation at the same time. This
changeover operation is effected substantially every
frame period, so that the code converter 3-1-1 will re-
ceive and store data while the code converter 3-1-2
reads out previously-stored data during one frame per-
10d and the two code converters will switch operations

during the next frame period. For example, the switch-

ing circuit 14 changes the application of the signal a-1
and the clock signal b-1 over to the converter 3-1-1 for
the time t;-t4in the first frame tFand inhibits the flow of
these signals to the converter 3-1-2 for the period of this
frame. During this same first frame, the signal a-1 is
stored in the memory 10, and the converter 3-1-2 en-
codes the signal which was stored in its mMemory - 10
during the preceding frame.

During the writing of data into the memory 10, the
clock signal b-1 is applied to the memory 18 to shift in
the signal a-1 and is also applied to increment an up-
down counter 30, which generates a count equal to the
number of bits in the signal a-1 which is written into the
memory 10 from that channel during the frame. In this
regard, data will be applied to the frame memory 10
during the entire frame time; however, because the bit
rates of the signals a-1, a-2 and a-3 are different, differ-
ent numbers of pulses will be stored in the memories 10

of the respective local code converters during each

10
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frame, as seen in FIG. 2. The counter 30 in each con-

verter will provide the means for keeping track of these

bit number values in each respective local code con-
verter.

Next, the coding operatmn, in whleh the signal a-2

stored in the memory 10 is encoded, will be explained
with reference to FIG. 4. When the frame control signal
d is applied to the input terminal 11 at the time t;, the
switching circuit 14 changes the signal a-1 and the clock
signal b-1 over to the converter 3-1-2, and, at this time,
the channel control signal e; sets a trigger flip-flop 15 so
that F' is ON. The output of F' is applied to the set

terminal of a set-reset flip-flop 16 (hereinafter called

simply a “flip-flop”). Since the capacity of the memory
10 15 selected so that it is considerably greater than the
bit number of the one frame signal a-1 to accommodate
signals having a wide range of bit rates, initialization of
the memory must be effected in order to skip vacant
memory locations and to establish the state in which
reading can be effected immediately. An AND gate 21

1s employed for effecting this initialization. From the

input terminal 12 there is applied to respective inputs of
gate 21 a signal C’ having a clock rate which is signifi-
cantly faster than that of the transmission clock rate, an
output signal q of a flip-flop 16, and an output signal of
a tlip-flop 32 that is set by a pulse obtained by detecting
the leading edge of signal q; through a differentiator 19.
After initialization is completed, an Initialization pulse is
detected by a differentiator 24 in a manner which will
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be described later, and the ﬂlp flop 32 1s reset by the -

detected output.

6
FIG. § is a time chart diagram which is useful for
explaining the initialization part of the operation and the
encoding part of the operation that will be described -
hereinafter. As shown in the diagram, the output P; of
the flip-flop 32 is turned ON simultaneously with the
rise of the output signal q; of the flip-flop 16 and allows
the passage of a fast clock signal P3 by the gate 21. By
the above-mentioned output q3 (which is the same as P3)
of the AND gate 21, the data in the memory 10 is rap-
idly shifted to effect initialization. When a pulse repre-
senting the start (“‘1” after continuation of “0”, for ex-
ample) i1s generated at the output of the memory 10, its
rise 1s detected by the differentiator 24. The flip-flop 32
1s then reset, and the scanning of the memory 10 stops
after the first signal within the frame has been shifted to
the extreme right position.
Next, the coding part of the operation will be de-
scribed. The output signal q; of the flip-flop 16 is de-
layed by a delay circuit 18 by seven time slots to pro-
duce the time width of the frame synchronizing signal
g11 in FIG. 2 (or five time slots in the local converters
3-1 and 3-3 to produce the time width of the channel
synchronizing signal) and is converted into a signal qz.
The signal q2 and the transmission clock signal C that is
applied to the input terminal 13 are applied to respective
inputs of an AND gate 20. The output ps of this AND
gate 20 is applied as one input to AND gates 22 and 26.
The output of the above-mentioned memory 10 is ap-
plied to the other input terminal of the AND gate 22,
and the output of this AND gate 22 is applied to the
other input terminal of the AND gate 26 via a pulse
width expander 23 and an inverter 25. The pulse width
expander 23 expands the input pulse to a length which
i1s 1.5 times the transmission clock period. The output of
the AND gate 26 is applied on the one hand to an adder
in the form of an OR gate 27, and is applied also to the
afore-mentioned up-down counter 30 to decrease the
count of the counter. However, it will be apparent that
no transmission clock pulse occurs at the output of the
AND gate 20 until the time point tg at which the output
of the delay circuit: 18 assumes a high level. In other
words, no coding is effected before a frame or channel
synchronizing signal is applied. |
The clock pulse P4 is applied to the AND gate 22
after the time point t9. A pulse signal having a period
twice that of the transmission clock occurs at the output
of the trigger-type flip-flop 28 which is driven by the
output of the AND gate 26 through the OR gate 27
when the bit to be read out from the memory 10 is ““1”,
and a pulse signal having the same period as that of the
transmission clock occurs when the bit to be read is “0”,
as shown at h in FIG. 2. In other words, when the
information to be read from the memory 10 is “1”, the
AND gate 22 becomes conductive and the pulse passing
through the gate 22 is expanded by the pulse expander
23 into a pulse with a width 1.5 times greater than that
of the clock rate and is inverted by the inverter 25 to
inhibit the gate 26. Hence, the passage of a succeeding
clock pulse generated from the AND gate 20 through
the AND gate 26 is blocked. Since the AND gate 26
becomes conductive when the third clock pulse arrives
from gate 20, a pulse is generated and at the same time,
a shift pulse is applied to the memory 10 from the output
of gate 26, thereby again shifting the information to be
read to the extreme right to read out the next bit. If the
bit of the information to be read is “0”, AND gate 20
being always conductive, a pulse occurs which has the

- same period as that of the transmission clock rate at the
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output of the AND gate 26. The portion of the time
i9-t10 In FIG. 5 illustrates waveforms when the signals
stored in the memory 10 are “0100 ., . . 100”, which
corresponds to the channel signal a-1 1n FIG. 2.
Now, when the digital signals of one frame previ-

pusly stored in the memory 10 are all read out, the
number of pulses generated from the AND gate 26
becomes equal to the maximum bit number stored in the

counter 30 during the writing operation so that the
count of the up-down counter 30 will have been de-
creased by that number. Thus, the counter 30 becomes
O at this point, a coding terminating signal is generated
therefrom, and this signal is passed through a pulse
shaper 31 to be converted into a pulse pg, which resets
the flip-flop 16. As the feed of the clock pulse is blocked
through the gate 20 by the now-blocked gate 20', cod-
ing 1s stopped and at the same time, the pulse pg¢ is ap-
plied as a coding start signal e of the local code con-
verter 3-2 of the second channel. In the same way,
coding is effected in the local code converter 3-3 of the
third channel in response to generation of the coding
start- signal e3 in the local code converter 3-2, after
which, a stuff pulse to be later described 1s added. The
next frame signal is generated at this point so that cod-
ing i1s then effected by the code converter 3-1-2 of the
local code converter 3-1 of the first channel during the
time te-ts of FIG. 4 in a subsequent frame, in the same
way as the code converter 3-1-1. |

Thus, the read-out of data from the local code con-
verters 3-1, 3-2 and 3-3 proceeds 1n sequence with the
sequential generation of the start signals e, €2 and e3,
with one converter not beginning its read-out operation

until the previous converter has completed read-out of

all of the data stored in its memory. In this way, a self-
synchronizing multiplexing of the data is effected with-
out regard to the bit rates of the input signals a-1, a-2
and a-3. |

Generally, the frame period (time tFof FIG. 4) is set
greater than the sum of the coding times of the channels
for design convenience. Accordingly, it sometimes hap-
pens that the subsequent frame signal d is not generated
even when coding of the final channel is completed. It
is therefore necessary to fill this gap by a pulse (stuff
pulse) which can be distinguished from the information
signal. FIG. 6 shows a circuit diagram of an embodi-
ment of a stuff pulse addition circuit or generator 10’ for
this purpose, and FIG. 7 shows the waveforms which
relate to the operation of this circuit.

An end signal Pg, which is generated by the pulse
reshaper 31 (FIG. 3) when coding of the final channel
of one frame i1s completed, is applied to the set terminal
of a flip-flop 35 via an input terminal 32 and renders an
AND gate 36 conductive. The AND gate 36 allows the
passage of a transmission clock pulse C applied from the
input terminal 12, which operates to sequentially shift
the contents of a shift register 37. The shift register 37
stores 10-bit information, 1.e., “0000011111”, which is
circularly shifted by the output clock signal of the
above-mentioned AND gate 36. When this waveform is
passed through a differentiator circuit 41, a pulse Pg
having a period five times that of the transmission clock
1s generated at the output terminal 34, which is applied
to the multiplexer § as seen in FIG. 1. On the other
hand, a signal Pg is applied to the set terminal of a
flip-flop 39 from the output of a differentiator circuit 38
~which 1s connected to receive the frame control signal
d-1 of FIG. 4 from terminal 11. Accordingly, after the
time t1; when the AND gate 40 becomes conductive
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8

with the setting of flip-flop 39, it allows the passage of
an output pulse P9 of the differentiator circuit 41 that 1s
next generated, and the resulting pulse Pjj resets the
flip-flops 35 and 39 and effects the first coding of the
subsequent frame. The coding start signal e; of the code

converter of the channel 1s produced via the output

terminal 33 and is applied to flip-flop 15 in FIG. 3. If
there is a sufficient time from the finish of coding of one

frame till the start of coding of a subsequent frame, a
pulse having a period five times that of the transmission
clock is inserted as a stuff pulse, thereby controlling the
time. This plays an important role for the transmission
of a burst signal as will be later described.

FIG. 8 1s a time chart for explaining the case when
the signal to be transmitted is a burst signal. For the
convenience of explanation, it will now be assumed that
a burst signal 1s allocated to the second channel of FIG.
1 (though they are actually digital signals consisting of
“0” and “1” bits, they are represented by oblique lines
for the sake of simplicity) and this occurs in a period
included in a three-frame interval. When these signals
are subjected to time division multiplexing in the above-
mentioned embodiment, they are converted into a sig-
nal h as shown in the drawing. Symbol gg represents a
frame synchronizing signal and a pulse represented by
oblique lines is a channel synchronizing signal of the
second channel. Since the time interval occupied by the
burst signals 1s small in the frames tg; and tg3, a time is
left when coding of the three channels 1s finished so that
the afore-mentioned stuff pulse g;is added. In the frame
tr4, there 1s no channel signal a-2 so that the channel
synchronizing signal of the second channel and that of
the third channel occur consecutively, and a stuff pulse
gs occurs in succession to the coding signal of the third
channel.

FIG. 9 shows the construction of a decoder 8 in FIG.
1 for the signal that is subjected to time division multi-
plexing in the above-mentioned manner. A part of the
multiplexed signal recetved at the input terminal 42 1s
applied to a synchronizing signal separation circuit 43.
As its operating waveform is shown in the time chart of
FIG. 10, the synchronizing signal separation circuit 43
performs integration by means of an integrator 44 using
the leading or trailing edge of the input pulse as the

starting points. The integrated signal ji is applied to first
and second comparators 45 and 46 having different
threshold levels from each other thereby to obtain sig-
nals j» and j3, respectively. In other words, the signal j»
1s separated as a frame synchronizing signal, and the
signal j3 as a channel synchronizing signal. These signals
are applied to a counter 47 and allow it to generate gate
driving signals for AND gates 48-1, 48-2 and 48-3 that
together form a decoder 50. Namely, when the signal j;
1s applied, the AND gate 48-1 becomes conductive and
as the pulse signals j3 are sequentially applied, the AND
gates 48-2 and 48-3 are sequentially actuated. As the
afore-mentioned stuff pulse is added, the pulse j3 is se-
quentially applied after the AND gate 48-3 correspond-
ing to the last channel is actuated. However, since the
output of the counter 47 does not vary, no change oc-
curs in the decoding operation. Circuits 49-1, 49-2 and
49-3 are used for converting the signal of each channel
demultiplexed by the above-mentioned AND gates, into
the original signal. This conversion circuit can be real-
ized by various constructions.

In the case where the signal 1s converted in accor-
dance with the rules of the code converter 3 in the
above-mentioned embodiment, the signal can readily be
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converted into the original signal a by adding the output

signal of the AND gate 48 to the signal delayed by one

time slot of the above-mentioned transmission clock.
This demultiplexed and reconverted signal can be used
directly as a decoded signal, but when it is necessary to
convert it into pulses with equal repetition periods, such
as the pulses a-1, a-2 and a-3 1in FIG. 2, the channel
signals a-1, a-2 and a-3 of FIG. 2 can be reproduced
from the output terminals 9-1; 9-2 and 9-3 by writing the
output pulses of the above-mentioned converters 49-1,
- 49-2 and 49-3 to buffer memories 52-1, 52-2 and 52-3,
respectively, extracting a clock signal for each channel
by clock extracters 51-1, 51-2 and 51-3 to form read
pulses, and reading each pulse from the above-men-
tioned buffer memories 52-1, 52-2 and 52-3.

Though the foregoing deals with exemplary embodi-
ments in which multiplexing is effected in accordance
with the number of consecutive pulses, it would be
obvious to those skilled in the art that multiplexing can
also be made by means of distinction using the ampli-
tude or other ways. It would be easily understood also
that the pulse train multiplexed in accordance with the
present invention can be multiplexed with conventional
signals with a straight binary format in the time division
arrangement.

As described in the foregoing, the present invention

provides revolutionarily-effective means for multiplex-
ing various digital signals to cope with diversification of
services In that asynchronous transmission signals as
well as burst signals can be multiplexed and transmitted.
Hence, drastic increases in the system flexibility and
reduction of the transmission cost can be expected in
accordance with the present invention. |
We claim:

10

10

» ferent consecutive numbers depending on correspond-

ing signals.
3. The time division multiplexing system as defined in
claim 2, wherein said converter circuits each include

means for converting each “1” and “0” of the digital

data of each channel into a pulse signal of a two-value

level consisting of such a pulse combination that the

consecutive number or marks or spaces are 1 (or 2) and
2 (or 1), respectively. | |
4. The time division multiplexing system as defined in
claim 2, wherein said converter circuits each include
first and second code conversion circuits, each having a
frame memory, and a control circuit for changing over

- said first and second code conversion circuits between
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1. A time division multiplexing system comprising: a

plurality of digital signal sources for providing a plural-

ity of channels of digital data at mutually independent

selected bit rates; time compression means including a
plurality of converter circuits for compressing in time
the digital signals of each channel for a given frame
period to produce respective compressed data channels:
time division multiplexing means for adding a frame
synchronizing signal to the output of one of said con-
verter circuits and a channel synchronizing signal to the
outputs of the other ones of said converter circuits and
for conducting time division multiplexing of the com-
pressed data channels, including means for adding a
stuff pulse to one of the multiplexed data channels so
that the total duration time of said compressed data
from all channels, said frame and channel synchronizing
signals and the stuff pulse coincides with a transmission
frame period; said converter circuits each including
coding means for coding the output of said time com-
pression means to convert said input digital signals into
coded signals in which a mark and a space are desig-
nated by different pulse intervals; a transmission line for
transmitting the output of said multiplexing means; and
decoding means for decoding the time division multi-
plexed signal transmitted by said transmission line.

2. The time division multiplexing system as defined in
claim 1, wherein said converter circuits each include
means for converting each “1” and “0” of the digital
data of each channel, the frame synchronizing signal
and the channel synchronizing signal into pulse signals
of two levels consisting of marks or spaces with dura-
tions which are an integral multiple of the transmission
clock period, said marks or spaces having mutually-dif-
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the writing operation of the digital signal of each chan-
nel to said frame memory and the converting operation
of the written signal into a transmission code.

5. The time division multiplexing system as defined in

claim 2, wherein said converter circuits include means

for providing timing clock signals at a clock rate set in
such a fashion as to satisfy the following relation:

A+hHL+... F+ fa
Jo

NF 2 a NF+ Npp+ (n — )Ncp

where |

n: number of plural channels,

fo: transmission clock rate,

f1, f2, . . . fy: clock rate of signal in each channel,

Ng: number of transmission clock pulses in a frame,

Nrp: number of pulses of frame synchronizing signal,

Ncp: number of pulses of channel synchronizing signal,

a: increment ratio of clock rate due to code conversion.
6. A time division multiplexing system for multiplex-

ing a plurality of input digital signals having mutually

independent selected bit rates to produce a multiplexed

output signal at a transmission bit rate which is higher

than the bit rate of any of said input digital signals,

- comprising

clock generator means for generating clock signals at
said transmission bit rate and frame signals; |

a plurality of code converters, each connected to simul-
taneously receive a respective one of said input digi-
tal signals and including means for storage of said
input digital signals during alternate periods between

- successive frame signals, means for reading-out the

data stored in said storage means during the periods
between said alternate periods at the rate of said clock
signals and means for coding said data at the time of
read-out from said storage means;

means for controlling the read-out of data in each code
converter so that said code converts effect the read-
out of data sequentially, including means responsive
to the read-out of one frame of data in one code con-
verter for generating a start signal initiating the oper-
ation of the reading-out means in another code con-
verter; and

means for combining the outputs of said code convert-
ers.

7. A time division multiplex system according to
claim 6, wherein said controlling means includes
counter means in each code converter for counting up
the number of bits stored by said storage means during
each period in which data is stored thereby and for
counting down in response to each bit read out of said
storage means by said reading-out means and means
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responsive to an initial count of said counter means for
generating said start signal. -

8. A time division multiplex system according to
claim 6, wherein said code converters are intercon-
nected so that said start signals are applied from one
code converter to the next in daisy-chain fashion.

9. A time division multiplex system according to
claim 6, further including stuff pulse generator means
responsive to the start signal in the last code converter
to read out data during a read-out period for reading out
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12

a stuff pulse signal until the next frame signal 1s gener-
ated by said clock means. |

10. A time division multiplex system according to
claim 6, 7, 8 or 9, wherein said code converters are each
provided as first and second converter units including
storage means, reading-out means and coding means,
and further including means responsive to said frame
signals for enabling the writing of data into one unit
while data is being read from the other unit during one
period and for reversing this operation of the units dur-
ing each succeeding period defined by said frame sig-

nals.
* 3k E ¥
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